In their paper "Nestmate recognition in social insects: overcoming physiological constraints with collective decision making", Johnson and co-authors present agent-based models of collective decision-making to show that multiple discriminators (guards) may together mitigate individual decision errors and achieve near-perfect, colony-level discrimination of nestmates from non-nestmates (Johnson et al. 2011) . The authors also conduct a literature review of discrimination errors in social insects to evaluate, in contrast to their model, the theory of optimal acceptance thresholds, which predicts that falsely rejecting nestmates and correctly rejecting non-nestmates should be negatively correlated. They conclude that as false rejections are exceedingly rare across species, there can be no correlation between the two errors. However, we believe that the conclusions drawn from both the model and the literature review are based on false assumptions, which we will detail later.
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The models put forward by the authors test the effect of guard density and guard-intruder encounter rate on the acceptance levels of nestmates and non-nestmates. Overall, they demonstrate that the probability of rejection increases with increasing encounters. For example, in their first model, the overall probability of acceptance falls to less than 1% after only three encounters at an 80% per-encounter rejection probability, but this also occurs after 21 encounters at 20% per-encounter rejection probability. Given that the model's results show that increasing the discriminator interactions increases the probability of rejection, the authors suggest that recruitment of additional guards may be an alternative to the optimal acceptance threshold theory, whereby guards exhibit an individual, context-dependent response to incoming intruders that is based on the frequency of intruder contact and the cost of making errors (Reeve 1989; Starks et al. 1998 ).
In our opinion, their hypothesis and models are intriguing to consider and could in principle work. The idea that colonies up-regulate the number of guards at the entrance when frequency of robbing increases has already been both observed in a natural situation and tested experimentally Couvillon et al. , 2009 ). When nectar supplies dwindle (for example, as we move from summer into autumn), honeybees are more likely to intrude into neighbouring colonies to rob them of stored honey, to which colonies respond over several weeks/ months by stationing more guards at the nest entrance Couvillon et al. 2009 ). This up-regulation of guard number is also present over shorter time scales: when robbing is experimentally induced, honeybee colonies respond in 15 min by increasing the number of guards by 20% . These data initially appear to support the authors' model of collective decision-making.
However, we believe that a few issues have been overlooked. One major problem is that, despite fitting their final model to the biology of the honeybee (Apis mellifera), the authors do not consider previous empirical work investigating individual-level responses of guards to increased intrusion. In addition to demonstrating the rapid up-regulation in guard number in response to robbing, also demonstrated that individual guards respond to the increase in intrusion: a guard becomes significantly less accepting, rejecting 28% and 24% more nestmates and nonnestmates, respectively. This individual decrease in acceptance is nearly identical to the observed colony-level decrease in acceptance, where guards collectively reject 22% more nestmates and 29% more non-nestmates. This difference between the change in individual acceptance and the change in colony-level acceptance is highly non-significant (p00.95), indicating that individual responses may completely account for the colony-level response. Secondly, also monitored the number of natural fights per individual guard on the entrance platform, which may serve as a proxy for an individual guard's (non-) permissiveness. Overall, there was a rapid, 10-fold increase in the number of natural fights on the entrance platform when robbing was experimentally induced. This response at the individual level far outweighs the modest 20% colony-level increase of guard numbers. Taken together, the shift in individual acceptance threshold and the increase in number of natural fights strongly suggest that the main component of the increased overall rejection of incomers was the less permissive guarding of each individual guard and not simply because there were more guards . Similar individual responses were seen in wasps (Starks et al. 1998 ) and ants (Fürst et al. 2011) .
A second issue is that the model is built on the idea that errors of one guard are completely independent of the errors of another guard. If this were true, then yes, it would be impossible for an intruder to get by multiple guards. However, we do not believe that this is the case, as discriminating individuals of many social insects derive their recognition template and body odours, which are used for discrimination, from their nestmates and nesting materials (e.g. comb wax in honeybees or coating resin in stingless bees) (D'Ettorre et al. 2006; . Therefore, guards usually possess approximately the same recognition template (Breed and Bennett 1987; Breed et al. 2004; Couvillon et al. 2007) , and the errors of one guard are thus likely to be similar to the errors of the next guard, so that there will be a significant proportion of intruders that have either a 0% or 100% per-encounter rejection probability. We also note that the empirical result of showing 20% of nestmates rejected by the first guard does not necessarily mean that each nestmate has a 20% per-encounter rejection probability. There is a small but significant difference between these two concepts. It is more likely that rejection follows a probability function that depends on the guards' olfactory acuity and is normally distributed around a particular acceptance threshold; an intruder's odour profile determines her rejection rate, but some intruders therefore have a 0% or 100% per-encounter rejection chance. In support of the non-independency of guard errors, found the similar rejection probability for the first guard as when multiple guards had interacted with the intruder. Therefore, having multiple guards could still fail to achieve near-perfect recognition, and it is unrealistic to assume that guards act independently when they are all using the same or similar colony odour template.
Our last point is in regard to the literature review, in which the authors find that "the probability of correct (true) rejection of non-nestmates is quite variable" and "nearly all the studies show no false rejections [of nestmates]" (Johnson et al. 2011) . They therefore conclude that there could be no correlation between true and false rejections, which argues against an adaptive acceptance threshold. We have some concerns. Firstly, the correlation between true rejection of non-nestmates and false rejections of nestmates only is predicted within, not between, species (Reeve 1989; Sherman et al. 1997; Couvillon et al. 2009 ). The recognition cue distributions and sensory systems differ extensively with different organisms; no correlation in error is expected. Therefore, the meta-analysis conducted by the authors has little value to the issue. Secondly, many of the cited studies were not carried out on dedicated guards at the nest entrance: nestmate recognition is context-dependent (Starks et al. 1998) , meaning that true guards act aggressively and discriminate when they sense they are at their nest entrance. Their behaviours change to become more permissive when they are not at the nest entrance, and hence the level of false rejection of nestmates may be underestimated in some of the studies. Lastly, there are many more published data of false nestmate rejection rates in honeybees, ranging from 17 to 33%, than listed in the Johnson et al. review of empirical data D'Ettorre et al. 2006; Couvillon et al. , 2009 Jones et al. 2011) . Most importantly, the appreciable levels of false non-nestmate acceptances (Johnson et al. 2011) are exactly the opposite pattern of what we would expect if the Johnson et al. model were true: the model demonstrates that an increasing number of discriminating individuals should cause the number of rejections to increase quickly for both non-nestmates and nestmates. This discrepancy between model and empirical data leaves us unsure about the applicability of the model.
All in all, the hypothesis posed by Johnson et al. (2011) could benefit from a thorough test, where guards are individually marked and intruders are introduced multiple times, so that the per-guard contact and rejection rates and the nonindependency of their errors can be calculated. If the relationship between rejection rates and guard numbers found can be explained solely by the effect described in the Johnson et al. model, this would be evidence against the theory of individual optimal acceptance thresholds. Alternatively, it may be that recognition is more than just the number of guards or encounters. If the latter is the case, it would confirm what was previously shown, where individual acceptance rates do not significantly differ from overall acceptance rates ) and would provide additional support for the acceptance threshold model (Reeve 1989; Starks et al. 1998; Hauber et al. 2006; Fürst et al. 2011; d'Ettorre et al. 2004 ).
